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Use of a compound of formula I for making a pharmaceutical 

composition. 



5 Field of the invention. 

The present invention is in the field of medicinal chemis- 
try and relates to small molecule compounds that are pro- 
tein kinase regulators, activators and inhibitors, 
10 compositions containing such compounds and methods of use. 



Background of the invention and state of the art. 

15 The search for new therapeutic agents has been greatly 
aided in recent years by better understanding of the 
structure of enzymes and other biomolecules associated 
with target diseases. One important class of enzymes that 
has been the subject of extensive study is the protein 

20 kinases. 

Protein kinases mediate intracellular signal transduction. 
They do this by effecting a phosphoryl transfer from a 
nucleoside triphosphate to a protein acceptor that is in- 

25 volved in a signaling pathway. There are a number of 

kinases and pathways through which extracellular and other 
stimuli cause a variety of cellular responses to occur 
inside the cell. Examples of such stimuli include environ- 
mental and chemical stress signals (e. g. osmotic shock, 

30 heat shock, ultraviolet radiation, bacterial endotoxin, 
reactive oxygen species like H 2 0 2 ) , cy tokihes ( e . g . 
interleukin-1 (IL-1) and tumor necrosis factor a (TNFa) ) , 
and growth factors (e.g. insulin, insulin-like growth 
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factor (IGF1), granulocyte macrophage colony-stimulating 
factor (GM-CSF) , and fibroblast growth factor (FGF) . An 
extracellular stimulus may effect one or more cellular 
responses related to cell growth, migration, differentia- 
5 tion, secretion of hormones, activation of transcription 
factors, muscle contraction, glucose metabolism, control 
of protein ' synthesis and regulation of cell cycle. 

Many diseases are associated with abnormal cellular-- re- 
10 sponses triggered by protein kinase-mediated events'. These 
diseases include autoimmune diseases, inflammatory dis- 
eases, neurological and neurodegenerative diseases, can- 
cer, cardiovascular diseases, allergies and asthma, 
Alzheimer's disease or hormone-related diseases, such as 
15 diabetes. 

Accordingly, there has been a substantial effort in me- 
dicinal chemistry to find protein kinase inhibitors that 
are effective as therapeutic agents. Thus, protein kinases 

20 have emerged as one third of all new targets in pharmaceu- 
tical industry. The protein kinase ATP binding site is 
clearly a drugable site and almost all protein kinase in- 
hibitors target this site. Importantly, a similar effort 
has not been evident for the development of protein kinase 

25 non-ATP competitive inhibitors. In addition, the existence 
of small molecule compounds that target regulatory sites 
on protein kinase catalytic domains have not been de- 
scribed, in spite of large efforts from pharmaceutical 
companies in developing drugs targeting this family of 

30 enzymes. One reason for the absence of such type of com- 
pounds is that small molecule compounds usually cannot 
promote the required conformational changes. Alterna- 
tively, the assays and analysis tools usually performed 
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for screening and analysis of the data may not select for 
these compounds. Alternatively, compounds might have been 
disregarded as possible drugable molecules, or the regula- 
tory sites disregarded as possible drugable sites. At any 
5 rate, the finding and demonstration that small molecule 
compounds can regulate protein kinase activities by inter- 
acting with regulatory sites is not obvious. 

Protein phosphorylation catalysed by protein kinases is 

10 the most widely known post-translational modification 

found in eukaryotic systems. Within an intracellular sig- 
nalling pathway, phosphorylation of an enzyme substrate 
can change the enzymatic activity of the given enzyme pre- 
sumably by modulating intramolecular interactions. For 

15 example this could be the case of glycogen synthase, which 
is inhibited upon glycogen synthase kinase 3 (GSK3) phos- 
phorylation in the absence of insulin signalling (see be- 
low) . The actual mode of action of phosphates covalently 
bound to regulatory enzymes has been studied in several 

20 cases (1) . In particular, the function of phosphates at 
the activation loop of many protein kinases has been ana- 
lysed based on crystal structure analysis, the first one 
of which has been described more than 10 years ago with 
cyclic AMP dependent protein kinase (2) . It could be sug- 

25 gested that small molecule compounds could be produced in 
such a way that they would interact with the phosphate 
binding sites within an enzyme and prompt the effects nor- 
mally obtained upon phosphorylation. In this way, the 
phosphorylated state of enzymes could be mimicked and the 

30 signal transduction phosphorylation event by-passed. Nev- 
ertheless, there is no evidence in the literature that 
this is indeed possible. As described below and in (3), 
there is evidence that phosphorylated polypeptides or 
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negatively charged polypeptides can interact with protein 
kinases and mimic the phosphorylated form of protein 
kinases. Nevertheless, evidence that any of these sites 
could be targeted by small molecule compounds is lacking. 

5 

AGC kinases conform a group within the protein kinase su- 
perfamily (4) . AGC kinase homologues are found throughout 
the whole eukaryotic world. The AGC kinase group consist 
of 63 protein kinase domains from which 6 are predicted to 

10 be pseudogenes. AGC kinase group can be divided into sev- 
eral families according to their homology within the cata- 
lytic domain. Furthermore, they can be grouped and named 
according to the most relevant protein kinases members of 
each group. The AGC kinases can be divided into families 

15 according to the Protein kinome, the families are: AKT 
(PKB) , DMPK, GRK, MAST, NDR, PDK, PKA, 4 PKC families, 
PKG, PKN, 4RSK families, RSKL, SGK, YANK. Each one of 
these families may contain subfamilies. When the tree of 
AGC kinases is observed, important branches within the the 

20 AGC group are formed by PKCs, PKB (AKT) /SGK, S6K/RSK/MSK, 
GRKs , ROCK / DMPK / L AT S / NDR , MAST, and RSKL families. 

AGC kinases conservation throughout evolution is reflected 
by their overall catalytic domain sequence conservation 

25 and importantly also by its mode of regulation. Their ac- 
tive conformation is regulated by the state of phosphory- 
lation of their activation loop and to secondary 
phosphorylations in segments outside the catalytic domain. 
AGC kinases have phosphorylations within the C- terminal 

30 extension to the catalytic core, which interact with the 
catalytic domain. Most notably is the phosphorylation 
within a hydrophobic motif C-terminal to the catalytic 
domain which also participates in protein kinase 
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activation. The lack of phosphorylation in this site helps 
to keep the protein kinase inactive in some cases, like 
S6K members. The mechanism by which the AGC kinases are 
activated upon hydrophobic motif phosphorylation appears 
5 to involve the interaction of the phosphate with a phos- 
phate binding site, while the hydrophobic motif interacts 
winh a hydrophobic PIF pocket (5-9) . The hydrophobic PIF 
pocket on its own can modulate protein kinase activity 
(7) . The role in protein kinase activation was first 

10 characterised on PDKl, by homology with PKA. By homology 
modelling it was found to be present and play a role on a 
number of AGC kinases (10) . Furthermore, PDKl and PKB 
crystal structures support the general existence within 
AGC kinases of a site homologous to the site in PKA that 

15 interacts with its Phe-X-X-PheCOOH C-terminal sequence 
(6,8) . 

It has been found that isolated polypeptides comprising a 
hydrophobic motif (Phe-X-X-Phe-D-Tyr/Phe) where D is a 

20 phosphorylated Ser or Thr or negatively charged residue 
Asp, can modulate the intrinsic activity of AGC kinases, 
independently on whether they possess or lack a C-terminal 
hydrophobic motif themselves (5,7,9). Other polypeptides 
that activated protein kinases PDKl, SGKl, S6K1, MSK1, 

2 5 RSK2, PKBalpha or PKBbeta were phosphorylated polypeptides 
of MW above 1990 (P~HM-RSK=2858 MW, p-HM-SGK=1990 MW, 
p-HM-ROK=2110 MW, p-HM-PKB= 2602 MW) . For example, 
PIP tide, NH 2 -REPRILSEEEQEMFRDFDYIADW-COOH, activated 
PKBbeta with a AC50=5 yM, whereas shorter versions had 

30 significantly lower affinity, reaching 75%. of maximal ac-' 
- tivation of PKB at 246 \M "(5) . The shorter version of 
PIFtide described to have effect on an AGC kinase intrin- 
sic activity, has the sequence: NH 2 -MFRDFDYIADW-COOH. Thus, 
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only molecules (polypeptides) of MW above 1478 have been 
proven to promote activity of any AGC kinase. This size of 
a compound is normally not suited for development of 
orally effective drugs. 

5 

The interactions between the C-terminal hydrophobic motif 
of PKA and its own PIF pocket can be depicted from the 
crystal structure of PKA (2) . Similarly, numerous interac- 
tions are observed between the polypeptide sequence de- 

10 rived from PlFtide which activates PKB, and the catalytic 
domain of PKB (6) . The interactions between the polypep- 
tides and the active protein kinases which are required 
for binding in the active conformation are depicted in the 
structures, but the specific requirements for the changing 

15 of conformation or activation are poorly stablished. For 
example, several mutations in residues forming part of the 
PIF pocket have produced more active PDK1 molecules, and 
the molecular events that lead to this effect when mutat- 
ing some residues and not others is not known. As the ac- 

20 tivation of these kinases involve important conformational 
changes, it is of certain doubt whether small molecule 
compounds could also prompt these conformational changes 
and regulate the activity of AGC kinases. In addition, it 
is unclear whether small molecule compounds could stabi- 

25 lise either active or inactive conformations by interac- 
tion with AGC kinase PIF pockets since the binding 
kinetics of PlFtide to PDKl did not fit to simple kinetic 
models. Furthermore, it is not known if interactions other 
than those depicted in the active * forms of PKA and PKB 

30 crystal structures would be required to allow the confor- 
mational change to take place. Therefore, we believe that 
the possibility to generate small molecule compounds tar- 
geting the PIF pocket site on AGC kinase was largely 
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doubtful. Evidence for this is the lack of mention of this 
possibility in patents concerning PKB structure, where the 
possibility of using the ATP binding site for small mole- 
cule drug development is spelled out, but the possibility 
5 of small molecules compounds to interact with the PIF 
pocket (termed hydrophobic motif (HM) groove by the 
authors) is not mentioned (WO2003016517A2 ; 

WO2003016516A2) . Most importantly, the only inhibited form 
of an AGC kinase that has been crystallized does not pro- 
10 vide information on this regulatory site, since one essen- 
tial part of the pocket is disordered. Therefore, it 
cannot be anticipated whether the inhibiting form of PKB 
would have a drugable pocket at the site of the PIF 
pocket . 

15 

AGC kinases participate in a number of signalling path- 
ways, many of which are involved in disease states and 
conditions that may be improved in patients. A number of 
non limiting examples of conditions related to the differ - 

20 ent subfamilies are given below. Furthermore, a large list 
of conditions where protein kinases are involved are being 
grouped and continuously updated from available sources, 
such as the protein kinase resource (PKR) website 
(http://pkr.sdsc.edu). PKC family member inhibitors as 

25 sought after for a number of conditions including the 

treatment of cancer; virus infections, such as treatments 
of cytomegalovirus infections, and HIV infections 
(US0006291446B1, US0006107327A ) , asthma (US0006103712A) ; 
pain, for example pain perception and hyperalgesia 

30 \CA0002336709Al ); skin treatments, eg. to inhibit Langer- 
hans cell migration induced by the presence of an aller- 
genic agent (AU0200218371A ) ; renal dysfunction, such as 
for treatment of renal failure, intraglomerular 
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hypertension, inhibiting glomerulosclerosis and inhibiting 
glomerular intestinal fibrosis (CA0002323172A1) ; chronic 
myeloid leukaemia and cute lymphoid leukaemia 
(CA000231173 6A1 ) , treatment of sexual dysfunctions di- 
5 rected to a method for inducing endothelium dependent 
vasodilation, smooth muscle relaxation, eg. penile erec- 
tion, clitoral engorgement and erection (US0006093709A ) , 
etc. Within the subfamily including PKB and SGK, inhibi- 
tors are being searched for the treatment of disease 

10 states. SGK US0006416759B1 as an antiproliferative agent, 
and also for treatment of diseases related to a distur- 
bance of ion channel activity, in particular, sodium 
and/or potassium channels, eg. for the regulation of blood 
pressure (WO2 002 017893A3 ) . PKB inhibition is seeked for a 

15 number of conditions including the treatment of prolifera- 
tive diseases and where apoptosis is wanted. PKB inhibi- 
tors have also been proposed to inhibiting restenosis 
after angioplasty (WO2003032809A2 ) . PKB inhibitors can be 
used to promote apoptosis of. rheumatoid arthritis synovial 

20 fibroblasts for the treatment of rheumatoid arthritis 

(WO02/083075) . PKB activators and inhibitors may be used 
for regulating the level of mucin production; PKB activa- 
tors can be used to treat mucin overproduction in several 
diseases including otitis media, chronic obstructive pul- 

25 monary disease, asthma and cystic fibrosis, otitis media 
infections, and chronic obstructive pulmonary disease 
caused by nontypeable Haemophilus influenzae 
(US2002/0151491A1) ; S6K/RSK subfamily can be targeted for 
diseases where subfamily members, act downstream of MAPK 

3 0 signalling, for example in cancer and inflamation. Rapamy- 
cin inhibits S6K .as a downstream target of mTOR; thus,, 
inhibition of S6K may be wanted to obtain part of the re- 
sponses obtained with rapamycin, as iramunosupressant; also 
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it may be used to treat cancer. The subfamily of G-protein 
coupled receptor kinases (GRKs) can be targeted to modu- 
late the signal intensity of G-protein coupled receptors, 
which form the largest family within the human genome and 
5 are important targets in drug development and therapies. 
Disease state and conditions that can be treated with GRKs 
include neurological disorders, depression, inflammation, 
central nervous system states, osteoporosis, immunosup- 
pressant, hypertension, infection, hypertension, retinitis 

10 pigmentosa, cancer, asthma, cystic fibrosis, arthritis, 
Alzheimer, Parkinson, rheumatoid arthreitis, and in gen- 
eral conditions treated with drugs which target G-protein 
coupled receptors, . Within the ROCK/DMPK/LATS/NDR subfam- 
ily, ROCK inhibitors are being developed as therapeutic 

15 agents for the treatment of a number of conditions, in- 
cluding cancer, inflamation, as immunosuppresant , a thera- 
peutic agent of autoimune disease, an hypertension, a. 
therapeutic agent of angina pectoris, a suppressive agent 
of cerebrovascular contraction, a therapeutic agent of 

2 0 asthma, a prophylactic agent of peripheral circulation 
disorder, a prophylactic agent of immature birth, a pro- 
phylactic agent of digestive tract infection, a therapeu- 
tic agent of osteoporosis, a therapeutic agent of 
retinopathy and a brain function improving drug 

25 (US0006218410B1) . 

PDKl is being targeted for the treatment of cancer with an 
ATP competitive inhibitor termed UCN-01. 

30 Activators of AGC kinases could also be used in therapeu- 
tics. For example, DMPK activators could be used for 
' treatment of conditions where DMPK activity is reduced, 
including Myotonic Dystrophy. Furthermore, transient 
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activation of PDK1 or PKB beta could be used to mimic in- 
sulin signalling action for the treatment of diabetes and 
states where GSK3 inhibition is required for treatment or 
cure of diseases. By inhibiting apoptosis, these activa- 
5 tors may be used for treatment of diseases where apoptosis 
is to be avoided, such as in neurological disorders. Acti- 
vators of RSK family members may compensate in part the 
deffects in genetic diseases .such' as Coffin-Lowry 
syndrome. Therefore, RSK2 activators may be used for treat- 

10 ment of mental retardations or states where neurological 
performace is to be enchanced. Therefore, compounds that 
regulate (inhibit or activate) AGC kinases are important 
for drug development, since they could target conditions 
where the AGC kinase is required to be inhibited or 

15 activated. 

Modulators of AGC kinase activities could be t used as a 
therapy for treatment of patients with degrees of mental 
retardation or to enhance performances where disease 
20 states are not involved. 

Phosphoinositide dependent protein kinase 1 (PDKl) and 
Protein kinase B (Akt/PKB) are components of an intracel- 
lular signalling pathway of fundamental importance that 

2 5 functions to exert the effects of growth and survival fac- 
tors, and which mediates the response to insulin and in- 
flammatory signals (11) . PKB enzyme is rapidly activated 
by PDKl phosphorylation following stimulation of phosphoi- 
nositide 3-kinase, and generation of the lipid second mes- 

30 senger phosphatidyl inositol -3 , 4, 5-trisphosphate [Ptdlns 
(3,4,5) P3]. 



WO 2004/111008 



PCTYEP2004/006260 



11 



Activated PKB phosphorylates numerous cytosolic and nu- 
clear proteins to regulate cell metabolism, growth and 
survival. In the insulin signalling pathway, PKB phospho- 
rylates GSK-3, PFK2 and mTOR, inducing glycogenesis and 
5 protein synthesis, and regulates glucose uptake by promot- 
ing the translocation of Glut 4 to the plasma membrane. 
Cell survival and transformation are controlled by phos- 
phorylation of BAD, caspase-9, forkhead transcription fac- 
tors and IkB kinase, promoting proliferation and 

10 suppressing cell apoptosis (12) . A mechanism by which PKB 
stimulates cell cycle progression is by phosphorylation of. 
the CDK inhibitors p21wAFl and p27kiPl, causing their re- 
tention in the cytoplasm (13) , whereas in contrast, PKB 
mediates nuclear localisation of mdm2 and subsequent regu- 

15 lation of the mdm2/p53 pathway (14) . In humans, the three 
isoforms of PKB are highly conserved, with a mean sequence 
identity of 73%, and share the same regulatory phosphory- 
lation sites. 

20 PKB plays an important role in the generation of human 
malignancy. 

The enzyme is the cellular homologue of v-Akt, an oncogene 
of the transforming murine leukaemia virus PKB 8 isolated 
25 from a mouse lymphoma (15) . Viral-Akt is a fusion of the 
viralGag protein with the PKBalpha sequence (16) . 

Myristoylation of the Gag sequence targets v-Akt to the 
cell membrane, resulting in its constitutive phosphoryla- 
30 tion. The rrenes for several isoforms of PKB are over- 
expressed and amplified in ovarian, prostate, pancreatic, 
gastric, and breast tumors (17) . Compelling evidence link- 
ing PKB to oncogenesis stems from the elucidation of the 
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mechanism of the PTEN tumour suppressor gene. PTEN is one 
of the most commonly mutated genes in human cancer and 
somatic deletions or mutations of PTEN have been identi- 
fied in glioblastomas, melanoma and prostate cancers, and 
5 are associated with increased susceptibility to breast and 
thyroid tumours (18) . PTEN negatively regulates the PI-3 
kinase/PKB pathway by dephosphorylacing Ptdlns (3,4,5) P3 
on the D-3 position, and therefore loss of PTEN activity 
leads to a constitutive cell survival stimulus (19,20). 

10 

Therefore, modulators (activators or inhibitors) of PDKl 
or PKB could be used for treatment of diseases, e.g. the 
treatment of diabetes, cancer, neurodegeneration and erec- 
tile dysfunction. 

15 

By modulating PKB activity, the phosphorylation state of 
Glycogen synthase kinase-3 (GSK3) could be regulated. 
GSK-3 is a serine /threonine protein kinase comprised of 
isoforms that are each encoded by distinct genes (21,22). 
20 This enzyme participates in several signalling pathways 
important in disease and small molecule compounds are be- 
ing developed as ATP competitive inhibitors. As these in- 
hibitors are ATP competitive inhibitors, they inactivate 
GSK3 in all different pathways. As will be described be- 
25 low, GSK3 inhibition by compounds may also mimic Wnt sig- 
nalling and promote proliferative disorders, e.g. colon 
cancer. As PKB does not affect the activity of GSK3 within 
Wnt signalling, modulation of PKB activity could be better 
used for treatment of a number of disorders which require 
30 inhibition of GSK3 , without affecting Wnt signalling. 
Therefore, for example, PKB £ activators could have the 
added- value that they would inhibit GSK-3 downstream from 
PKB but not affect Wnt signalling. GSK-3 has been 
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implicated in various diseases including diabetes, Alz- 
heimer's disease, CNS disorders such as manic depressive 
disorder and neurodegenerative diseases, and cardiomyocyt 
hypertrophy [WO 99/65897; WO 00/38675; and Haq et al . , J. 
5 Cell Biol. (2000) 151,117]. These diseases may be caused 
by, or result in, the abnormal operation of certain cell 
signaling pathways in which GSK-3 plays a role. GSK-3 has 
been found to phosphorylate and modulate the activity of 
number of regulatory proteins . These proteins include gly 

10 cogen synthase, which is the rate limiting enzyme neces- 
sary for glycogen synthesis, the microtubule associated 
protein Tau, the amyloid peptide, the gene transcription 
f actor-catenin, the translation initiation factor elF2B, 
as well as ATP citrate lyase, axin, heat shock factor-1, 

15 c-Jun, c-Myc, c-Myb, CREB, and CEPBa. These diverse pro- 
tein targets implicate GSK-3 in many aspects of cellular 
metabolism, proliferation, differentiation and 
development . In a GSK-3 mediated pathway that is relevant 
for the treatment of type II diabetes, insulin-induced 

2 0 signaling leads to cellular glucose uptake and glycogen 

synthesis. Along this pathway, GSK-3 is a negative regula 
tor of the insulin- induced signal. Normally, the presence 
of insulin causes inhibition of GSK-3 mediated phosphory- 
lation and deactivation of glycogen synthase. The inhibi- 
25 tion of GSK-3 leads to increased glycogen synthesis and 
glucose uptake [Klein et al . , PNAS, 93, 8455-9 (1996); 
Cross et al., Biochem. J., 303,21-26 (1994); Cohen, Bio- 
chem. Soc. Trans., 21,555-567 (1992); Massillon et al . , 
Biochem J. 299,123-128 (1994)]. However, in a diabetic 

3 0 patient where the insulin response is impaired, glycogen 

synthesis and glucose uptake fail to increase despite the 
presence of relatively high blood levels of insulin. This 
leads to abnormally high blood levels of glucose with 
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acute and long term effects that may ultimately result in 
cardiovascular disease, renal failure and blindness. In 
such patients, the normal insulin-induced inhibition of 
GSK-3 fails to occur. It has also been reported that in 
5 patients with type II diabetes, GSK-3 is overexpressed [WO 
00/38675] . Therefore, inhibition of GSK-3 can mimic insu- 
lin action. G3K-3 activity has also been associated with 
Alzheimer's disease. This disease is characterized' by the 
well-known P-amyloid peptide and the formation of intra- 

10 cellular neurofibrillary tangles. The neurofibrillary tan- 
gles contain hyperphosphorylated Tau protein where Tau is 
phosphorylated on abnormal sites. GSK-3 has been shown to 
phosphorylate these abnormal sites in cell and animal mod- 
els. Furthermore, inhibition of GSK-3 has been shown to 

15 prevent hyperphosphorylation of Tau in cells [Lovestone et 
al., Current Biology 4, 1077-86 (1994); Brownlees et al., 
Neuroreport 8,3251-55 (1997)]. Therefore, it is believed 
that GSK-3 activity may promote generation of the neurofi- 
brillary tangles and the progression of Alzheimer's dis- 

20 ease. Another substrate of GSK-3 is S-catenin which is 
degradated after phosphorylation by GSK-3 . Reduced levels 
of S-catenin have been reported in schizophrenic patients 
and have also been associated with other diseases related 
to an increase in neuronal cell death [Zhong et al . , Na- 

25 ture, 395,698-702 (1998) ; Takashima et al . , PNAS, 
90,7789-93 (1993); Pei et al . , J . Neuropathol . Exp, 
56,70-78 (1997)]. As a result of the biological importance 
of GSK-3, there is current interest in therapeutically 
effective GSK-3 inhbitors. Small molecules that inhibit 

30 GSK-3 have recently been reported [WO 99/65897 (Chiron), 
WO02/096905 (Vertex) and WO 00/38675 (SmithKline 
Beecham) ] . 
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Another signalling pathway in which GSK3 participates is 
Wnt signalling. Wnt signalling inhibits GSK3 , which in 
turn translates into activation of transcription factors 
involved in tumor development, eg in colon cancers. Thus, 
5 GSK3 inhibition by compounds to treat diabetes or neuro- 
logical disorders, in time, could lead to unwanted side 
effects. Importantly, PKB phosphorylation does not play a 
role in Wnt signalling inhibition of GSK3 . Therefore, a 
compound activating the specific PKB isoform (PKB beta) , 
10 which in turn phosphorylates and inhibits GSK3 within the 
insulin signalling pathway may be used to mimic insulin 
action for the treatment of diabetes, without affecting 
Wnt signalling. 

15 

Objects of the Invention. 

One object of the invention is to provide compounds that 
modulate AGC protein kinases and are suitable for the 

20 preparation of pharmaceutical compositions for oral, par- 
enteral, topical, rectal, nasal, buccal, vaginal admin- 
stration or via an implanted reservoir or by inhalation 
spray. A further object is to provide compounds that modu- 
late AGC protein kinases having a PIF binding pocket in 

25 the N- terminal lobe of the catalytic domain. A further 
object is to provide compounds which activate PDK1 and 
inhibit PDKl and/or PKB. A further object is to provide 
pharmaceutical compositions suitable for treating diseases 
associated with protein kinases, in particular AGC 

30 kinases, PDKl signal ling and PKB signalling, e.g. cancer 
or diabetes. 

Definitions . 
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In the following text by "binding site" a site (such as an 
atom, a functional group of an amino acid residue or a 
plurality of such atoms and/or groups) in a protein kinase 
5 binding cavity is meant, which may bind to an agent com- 
pound such as a candidate modulator (e.g. inhibitor) . De- 
pending on the particular molecule in the cavity, sites 
may exhibit attractive or repulsive binding interactions, 
brought about by charge, steric considerations and the 
10 like. 

By "AGC kinases" is meant any protein kinase comprising a 
sequence which has a sequence identity of equal to or 
greater than 3 5% at the amino acid level within residues 

15 37-350 of the catalytic subunit of PKA (Shoji et al . , 
1983) . Determination of percentage sequence identity may 
be performed with the AMPS package as described by Barton 
(1994) . AGC kinases are also described in detail by Hanks 
and Hunter, FASEB J. (1995) 9: 576, and Hardie, G. and 

20 Hanks, S. 

An PIF binding pocket or PIF pocket, as an example of 
hPDKl, is shown by the sequence according to Fig. 1. The 
residues marked " * " line the PIF pocket and the residues 
25 marked "+" characterize the phosphate site. In general, 

the following may be stated with respect to the pocket and 
the target proteins . 

The compounds of the invention may activate or inhibit a 
30 group of protein kinases having a hydrophobic pocket in 
the position equivalent to the hydrophobic pocket of mouse 
Protein Kinase A (PKA) that is defined by residues 
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including Lys76, Leull6, Val80 and/or Lyslll of full- 
length mouse PKA 

The hydrophobic pocket-containing protein kinase may be 
5 the protein kinase termed 3 -phosphoinosi tide-dependent 
protein kinase I (PDKI) . Alternatively, it may be Serum 
and Glucocorticoid stimulated protein kinase (SGK) , Pro- 
tein Kinase B (PKB) , Protein Kinase A (PKA) , p70 S6 
kinase, p9 0 RSK, PKC isoforms (for example PKCalpha, 

10 PKCbeta, PKCgamma, etc . ) , PRKl, PRK2 , MSKI or MSK2 . Hydro- 
■ phobic pocket-containing protein kinases include those 

forming part of the AGC protein kinase group, as described 
by Rhodopsin and G-protein coupled receptor protein 
kinases, for example, also have a hydrophobic pocket as 

15 defined above and the residue equivalent to Lys7 6 of mouse 
PKA is a lysine residue. 

As examples of protein kinases containing a hydrophobic 
pocket homologous to that of PKA, the following examples 

20 of AGC kinases are provided. The terms SGK, PKB, PKA, p70 
S6 kinase (S6K), p90 RSK (RSK), PKCalpha, PKCbeta, PKCzeta 
or PRK2, for example, as used herein include a polypeptide 
(SGK, PKB, PKA, p70S6 kinase, p90 RSK, PKCalpha, PKCbeta, 
PKCzeta or PRK2 .polypeptide) comprising the amino acid 

25 sequence identified as a SGK, PKB, PKA, p7 0 S6 kinase, p90 
RSK, PKCalpha, PKCbeta, PKCdelta or PRK2, respectively, as 
identified in the relevant public database records (Table 
8) . 

30 By "protein kinase having a hydrophobic pocket in the po- 
sition equivalent to the hydrophobic pocket of mouse Pro- 
tein Kinase A (PKA) that is defined by residues including 
Lys76, Leull6, Val80 and/or Lyslll of full-length mouse 
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PKA" is meant a polypeptide having an amino acid sequence 
identifiable as that of a protein kinase catalytic domain, 
and further having a predicted or determined three- 
dimensional structure that includes a hydrophobic pocket 
5 corresponding to the region indicated in Knighton et al 
(1991) Science 253, 407-414 for PKA as interacting with 
C- terminal amino acids of full-length PKA. for example 
Phe.348 and/or Phe351. 

10 It is preferred that the protein kinase group having a 
hydrophobic pocket in the position equivalent to the hy- 
drophobic pocket of mouse Protein Kinase A (PKA) that is 
defined by residues including Lys76, Leull6, Val 80 and/or 
Lyslll of full length mouse PKA is a polypeptide that is 

15 capable of interacting with a polypeptide comprising the 
amino acid sequence motif Phe/Tyr-Xaa-Xaa-Phe/Tyr , pref- 
erably Phe-Xaa-Xaa-Phe/Tyr, more preferably Phe-Xaa-Xaa- 
Phe, still more preferably Phe/Tyr-Xaa-Xaa-Phe/Tyr-Zaa- 
Phe/Tyr or Phe/Tyr-Xaa Xaa-Phe/Tyr-COOH, for example the 

20 polypeptide PIF or PIFtide, as defined below. It is noted 
that many of these hydrophobic pocket containing protein 
kinases will also possess a phosphate binding site equiva- 
lent to Argl31, Lys76, Thrl48, GlnlSO in PDK 1, which can 
modulate the said protein kinase activity. This was found 

25 to be the case for protein kinases PDK1, S6K1, PKBalpha, 
RSK2, MSK1, (Frodin et al . , EMBO J. 2002 Oct 
15;21 (20) : 5396-407) , and is expected to be a common fea- 
ture in their respective protein kinase families includ- 
ing, for example all isoforms of each protein kinase 

30 studied. Therefore for a subgroup of protein kinases con- 
taining the said hydrophobic pocket, it is also preferred 

< & 

that the said protein kinase would interact with a 
polypeptide containing the amino acid sequence motif 
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Phe/Tyr-Xaa-Xaa-Phe/Tyr-Zaa, preferably Phe-Xaa-Xaa- 
Phe/Tyr-Zaa, more preferably Phe-Xaa-Xaa-Phe-Zaa, still 
more preferably Phe/Tyr-Xaa-Xaa-Phe/Tyr-Zaa-Phe/Tyr or 
Phe/Tyr-Xaa-Xaa-Phe/Tyr-COOH, where Xaa is any amino acid 
5 and Zaa is an acidic amino acid (e.g. Glu or Asp) or a 
phosphorylated Ser or Thr. 

It is preferred that the hydrophobic pocket containing 
protein kinase is an AGC kinase. 

10 

AGC kinase family members can be identified by performing 
a BLASTP search according to Altschul S.F. # et al., Nu- 
cleic Acids Res. 25:3389-3402 (1997). The search sequence 
to be used is the prototype of the AGC kinase group, cAMP 
15 dependent protein kinase (PKA) from human origin contain- 
ing the residues corresponding to the catalytic domain: 
FERIKTIXjTGSFGRVMLVKHKET^ 

EKRJLQ AVNF PFLVKLEF S FKDNSNL YMVME YVPGGEMF SHLRRI GRF S 
EPHARFYAAQIVLTFEYLHSLDLIYRDLKPEJSTLIilDQQGYIQVTDFGFAK 
2 0 RVKGRTWTLCGTPEYLAPEI ILSKGYNKAVDWWALGVLI YEMAAGYPP 

F F ADQ P I Q I YEKI VS GKVRF P SHF S S DLKDLLRNLLQVDLTKRFGNLKNG 
V3SFDIKNHKWF 

NCBI BLAST program reference [PMID : 9254694] : Altschul 
S.F., Madden T.L., Schaffer A. A., Zhang J., Zhang Z., 

25 Miller W. , Lipman D.J. Gapped BLAST and PSI-BLAST: a new 
generation of protein database search, programs. Nucleic 
Acids Res. 25:3389-3402(1997). Query length: 255 AA. Date 
run: 2003 -06-04 12:31:58 UTC+0100 on sib-blast .unil . ch. 
Program: NCBI BLASTP 2.2.5 [Nov-16-2002] , Database: 

30 tremblnew; trembl; swissprot, 1,132,117 sequences; 

360,517,447 total letters, Sv/iss-Prot Release 41.10 of 
30-May-2003, TrEMBL Release23.14 of 30-May-2003, TrEM- 
BL_jiew of 30-May-2003 
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Performing a BLASTP search in this way, proteins contain- 
ing similar sequences of amino acids are retrieved and 
characterized by a Score (bits) and an E value. It is pre- 
5 ferred that the protein kinases with a hydrophobic motif 
homologous to that which interacts with the C-terminal Phe 
residues contains a Score higher than 140 with an E value 
less than 2e-33. It is further preferred that the Score is 
higher than 150 with an E value less than 2e-35. It is 

10 more preferred that the Score is higher than 190 and the E 
value less than 5e-40. It should be noted that most of AGC 
kinases present in databases from different organisms will 
be selected using this procedure. Occasionally, when the 
score value is lower, the parameters may select for pro- 

15 tein kinases that may not be of the AGC kinase group but 
closely related families, like Aurora protein kinases, or 
Ca-Calmodulin dependent protein kinases, which, because of 
evolutionary conservations, may contain features or regu- 
latory mechanisms (hydrophobic PIF pocket like sites in 

20 the small lobe of the catalytic domain) , similar to AGC 
protein kinases . 

It is preferred that the protein kinase has identical or 
conserved residues that are equivalent to Lys76, Val80, 

25 Lyslll and/or Leull6 of mouse PKA, more preferably at 
least Lys76 and Leull6 of mouse PKA, most preferably an 
identical residue equivalent to. Lys76. Thus, for example, 
the protein kinase may have a Lys residue at the position 
equivalent to Lys76 of PKA and/or a Leu residue at the 

30 position equivalent to Leull6 of PKA. Lysll5 and Leul55 of 
PDK1, for example, are equivalent to Lys76 and Leull6, 
respectively, of PKA^ It is preferred that the protein 
kinase does not have an Ala at the position equivalent" to 
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Lys76 and/or a Ser, Asp or Glu at the position equivalent 
to Leull6 of PKA. The protein kinase may have a Val resi- 
due at the position equivalent to Leull6 of PKA, as in 
PRKl and PRK2 or an lie residue. The protein kinase may 
5 have a nonconserved residue at the position equivalent to 
Lyslll, for example a glutamine residue and/or at the po- 
sition equivalent to Val80. 

The human protein kinases have been organised and tabu- 
10 lated. In particular, human AGC kinase group of protein 
kinases members has been identified from the human genome 
sequencing analysis (Manning G, Whyte DB, Martinez R, 
Hunter T, Sudarsanam S - The protein kinase complement of 
the human genome. Science. 2002 Dec 6; 298 (5600) : 1912-34 . 
15 Review) . The information is also available at 
http: //www. kinase. com. 

Protein kinases show a conserved catalytic core, as re- 
viewed in Johnson et al (1996) Cell, 85, 149-158 and Tay- 
20 lor & Radzio-Andzelm (1994) Structure 2, 345-355. This 

core folds into a small N-terminal lobe largely comprising 
antiparallel S-sheet, and a large C- terminal lobe which is 
mostly alpha-helical. A deep cleft at the interface be- 
tween these lobes is the site of ATP binding, with the 

2 5 phosphate groups near the opening of the cleft. 

Protein kinases also show conserved sequences within this 
catalytic core, and the residue equivalent to a given 
residue of, for example, PKA, may be identified by align- 

3 0 ment of the sequence of the kinase with that of known 

kinases in such a way as to maximize the match between the 
sequences . The alignment may be carried out by visual in- 
spection and/ or by the use of suitable computer programs, 
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for example the GAP program of the University of Wisconsin 
Genetic Computing Group, which will also allow the percent 
identity of the polypeptides to be calculated. The Align 
program (Pearson (1994) in: Methods in Molecular Biology, 
5 Computer Analysis of Sequence Data, Part II (Griffin, AM 
and Griffin, HG eds) pp 365-389, Humana Press, Clifton) 
may also be used. 

Small molecule compounds are naturally occuring or syn- 
10 thetically accessible chemical structures having a molecu- 
lar weight less than 1000, preferably less than 700, most 
preferably less than 550. The compounds typically have a 
molecular weight above 250. 

15 

Description of the invention and preferred embodiments . 

The invention relates to the general finding that small 
molecule compounds can be activators or inhibitors of AGC 

20 protein kinases, which possess a PIF binding pocket in the 
N- terminal lobe of the catalytic domain. The patent de- 
scribes activators of PDKl and inhibitors of PDKl and PKB. 
The invention also relates to methods of treating diseases 
associated with protein kinases, especially diseases asso- 

25 ciated with AGC kinases, PDKl signalling and PKB signal- 
ling such as cancer, or diabetes. 

The present invention relates, in particular, to the dis- 
covery that small molecule compounds, of less than 500 of 

30 molecular weight (MW) can regulate the activity of AGC 

r 

kinases containing a PIF pocket homologous site in the 
small lobe of the kinase domain. In addition, compounds 
are described that can activate or inhibit AGC protein 
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kinases, for example, PDK1 and PKB. The compounds de- 
scribed have overall good pharmacological properties . The 
compounds presented, or derivatives of these can be used 
for treatment of conditions where there is need for acti- 
5 vating or inhibiting protein kinases of the AGC family. 

The specific features of the invention are provided in the 
claims. In case of Arl and/or Ar2, these may e.g. either 
k>e: i) a 3-8 member ed monocyclic, or 8-10 member ed bi- 
10 cyclic saturated or partially unsaturated ring, ii) a 5-6 
member ed monocyclic or 8-10 member ed bicyclic aryl ring, 
or iii) a 5-6 membered monocyclic or 8-10 membered bi- 
cyclic heteroaryl ring wherein the heteroatom is given or 
the heteroatoms are given as defined. 

15 

Preferred embodiments of the compound are characterized in 
that: 

Ar2 is selected from phenyl, naphthyl, pyrimidinyl, pyrid- 
20 inyl, quinolinyl, or isoquinolinyl, wherein Ar2 is option- 
ally substituted by one to four R3 groups, 

Arl is selected from phenyl, naphthyl, pyrimidinyl, pyrid- 
inyl, quinolinyl, or isoquinolinyl, wherein Arl is op- 

2 5 tionally substituted by one to four R3 groups, 

X is a valence bond; Z is a nitrogen; Y is CH 2 ; R2 is a 
hydrogen; and Rl is selected from QC0 2 H or QCN, wherein 
each Q is independently selected from a valence bond or an 

3 0 optionally substituted Cl-3 alkylidene chain, wherein one 

or two non-adjacent methylene units of Q are optionally 
and independently replaced by -0-, -S- or -NH-, 



WO 2004/111008 



PCT/EP2004/006260 



24 



X is a valence bond; Z is CH; Y is a valence bond; R2 is a 
hydrogen; and Rl is selected from QC0 2 H or QCN, wherein 
each Q is independently selected from a valence bond or an 
optionally substituted Cl-3 alkylidene chain, wherein one 
5 or two non-adjacent methylene units of Q are optionally 
and independently replaced by -O- , -S- or -NH-, 

X is NH; Z is CH; Y is a valence bond; R2 is a hydrogen; 
and Rl is selected from QC0 2 H or QCN, wherein each Q is 
10 independently selected from a valence bond or an option- 
ally substituted Cl-3 alkylidene chain, wherein one or two 
non-adjacent methylene units of Q are optionally and inde- 
pendently replaced by -O-, -S- or -NH- , 

15 X is NH; Z is CH; Y is a valence bond; Rl is a hydrogen; 
and R2 is selected from QC0 2 H or QCN, wherein each Q is 
independently selected from a valence bond or an option- 
ally substituted Cl-3 alkylidene chain, wherein one or two 
non-adjacent methylene units of Q are optionally and inde- 

20 pendently replaced by -O- , -S- or -NH- , and/ or 

Ar 1 and/or Ar2 is selected from phenyl, naphthyl, 
pyrimidinyl, pyridinyl, quinolinyl, or isoquinolinyl , 
wherein the one to four substituent R3 groups are 
25 hydrogens. 

The invention describes for the first time the development 
of small molecule compounds against AGC protein kinases, 
which are non ATP competitive, and can promote or inhibit 
30 the activity of AGC kinases. The invention further de- 
scribes for the first time the development of small mole- 
cule compounds designed to mimic the presence of a 
phosphate on an enzyme. The compounds of the invention can 
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activate or inhibit AGC kinases. The target site for the 
compounds of the invention is not the ATP binding site. In 
the preferred embodiment of the invention, the compounds 
target a regulatory site on the protein kinase. It is also 
5 preferred that the target site is adjacent to a phosphate 
binding site in the AGC protein kinase or in related AGC 
kinases. The compounds may bind at the small lobe of the 
catalytic domain delimited by beta-4, beta- 5, alpha-C- 
helix and alpha-B-helix. The target site is the site ho- 
10 mologous to that which interacts with the C- terminal Phe 
residues in PKA. 

Of the multiple interactions that can be envisaged for 
compounds interacting with AGC kinases in a non-ATP com- 
15 petitive manner, we here provide evidence for features 
that already prompt effects on AGC kinases. 

The term "alkylidene chain" refers to an optionally sub- 
stituted, straight or branched carbon chain that may be 
20 fully saturated or have one or more units of unsaturation. 

A combination of substituents or variables is permissible 
only if such a combination results in a stable or chemi- 
cally feasible compound. A stable compound or chemically 

25 feasible compound is one in which the chemical structure 
is not substantially altered when kept at a temperature of 
40 °C or less, in the absence of moisture or other chemi- 
cally reactive conditions, for at least a week. Unless 
otherwise stated, structures depicted herein are also 

30 meant -to include all stereochemical forms of the struc-. 
ture; i; e., the R and S configurations for each asymmet- 
ric center. Therefore, single isolated stereochemical 
isomers as well as enantiomeric and diasterepmeric 
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mixtures of the present compounds are within the scope of 
the invention. 

Unless otherwise stated, structures depicted herein are 
5 also meant to include compounds which differ only in the 
presence of one or more isotopically enriched atoms. For 
example, compounds having the present structures except 
for the replacement of one or several hydrogen atoms by 
deuterium or tritium atoms, or the replacement of one or 
10 several carbon atoms by 13 C-or 14 C are within the scope of 
this invention. 

Compounds of formula I or salts thereof may be formulated 
into compositions. In a preferred embodiment, the composi- 

15 tion is a pharmaceutical composition. In one embodiment, 
the composition comprises an amount of the protein kinase 
inhibitor effective to inhibit a protein kinase, particu- 
larly Aurora-2, in a biological sample or in a patient. 
Compounds of this invention and pharmaceutical composi- 

20 tions thereof, which comprise an amount of the protein 
kinase inhibitor effective to treat or prevent an 
Aurora- 2 -mediated condition and a pharmaceutical ly accept- 
able carrier, adjuvant, or vehicle, may be formulated for 
administration to a patient. The term "pharmaceutically 

25 acceptable carrier, adjuvant, or vehicle" refers to a non- 
toxic carrier, adjuvant, or vehicle that may be adminis- 
tered to a patient, together with a compound of this in- 
vention, and which does not destroy the pharmacological 
activity thereof. 

30 

Another aspect of this invention relates to a method of 
treating or preventing an AGC kinase mediated disease with 
an AGC kinase inhibitor, which method comprises 
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administering to a patient in need of such a treatment a 
therapeutically effective amount of a compound of formula 
I or a pharmaceutical composition thereof. 

5 Another aspect of this invention relates to a method of 
treating or preventing an AGC kinase mediated disease with 
an AGC kinase activator, which method comprises adminis- 
tering to a patient in need o^such a treatment a thera- 
peutically effective amount of a compound of formula I or 
10 a pharmaceutical composition thereof. 

In another embodiment, this invention provides a composi- 
tion comprising a compound of formula I and a pharmaceuti- 
cal^ acceptable carrier. Another aspect of this invention 

15 relates to a method of treating or preventing an AGC 
kinase mediated disease with an AGC kinase inhibitor, 
which method comprises administering to a patient in need 
of such a treatment a therapeutically effective amount of 
a compound of formula I or a pharmaceutical composition 

20 thereof. 

Another aspect of this invention relates to a method of 
inhibiting an AGC kinase activity in a patient, which 
method comprises administering to the patient a compound 
25 of formula I or a composition comprising said compound. 

Another aspect of this invention relates to a method of 
treating or preventing an PDKl -mediated diseases with a 
PDK1 inhibitor, which method comprises administering to a 
30 patient in need of such a treatment a therapeutically ef- 
fective amount of a compound of formula I or a pharmaceu- 
tical composition thereof .The terms "PDKl -mediated 
disease" or "PDKl- mediated condition", as used herein, 
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mean any disease or other deleterious condition in which 
PDK1 is known to play a* role. The terms "PDKl -mediated 
disease" or "PDKl- mediated condition" also mean those 
diseases or conditions that are alleviated by treatment 
5 with a PDKl inhibitor or activator. PDKl -mediated diseases 
or conditions include, but are not limited to, prolifera- 
tive disorders, cancer, and neurodegenerative disorders, 
diabetes . Another aspect of the invention relates to in- 
hibiting PDKl activity in a biological sample or a pa- 
10 tient, which method comprises administering to the patient 
a compound of formula I or a composition comprising said 
compound . 

Another aspect of the invention relates to activating PDKl 
15 activity in a biological sample or a patient, which method 
comprises administering to the patient a compound of for- 
mula I or a composition comprising said compound. 

Another aspect of this invention relates to a method of 
20 treating or preventing a PKB-mediated diseases with a PKB 
inhibitor, which method comprises administering to a pa- 
tient in need of such a treatment a therapeutically effec- 
tive amount of a compound of formula I or a pharmaceutical 
composition thereof. The terms "PKB-mediated disease" or 
25 "PKB- mediated condition", as used herein, mean any dis- 
ease or other deleterious condition in which PKB is known 
to play a role. The terms "PKB-mediated disease" or " PKB- 
mediated condition" also mean those diseases or conditions 
that are alleviated by treatment with a PKB inhibitor. 
30 PKB-mediated diseases or conditions include, but are not 
limited to, proliferative disorders, cancer, and neurode- 
generative disorders. The association of PKB, also known 
as protein kinase AKT, with various diseases has been 
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described [Khwaja, A., Nature, pp. 33-34,1990; Zang, Q. 
Y., et al, Oncogene, 19 2000; Kazuhiko, N. , et al, The 
Journal of Neuroscience, 2 0 2000] . Another aspect of the 
invention relates to inhibiting PKB activity in a biologi- 
5 cal sample or a patient, which method comprises adminis- 
tering to the patient a compound of formula I or a 
composition comprising said compound. 

Another aspect of this invention relates to a method of 
10 treating or preventing a GSK-3 -mediated disease with a PKB 
activator, which method comprises administering to a pa- 
tient in neied of such a treatment a therapeutically effec- 
tive amount of a compound of formula I or a pharmaceutical 
composition thereof. 

15 

Another aspect of this invention relates to a method of 
•treating or preventing a GSK-3 -mediated disease with a 
PDKl activator, which method comprises administering to a 
patient in need of such a treatment a therapeutically ef- 

20 fective amount of a compound of formula I or a pharmaceu- 
tical composition thereof. One aspect of this invention 
relates to a method of enhancing glycogen synthesis and/or 
lowering blood levels of glucose in a patient in need 
thereof, which method comprises administering to the pa- 

25 tient a therapeutically effective amount of a compound of 
formula I or a pharmaceutical composition thereof. This 
method is especially useful for diabetic patients. 

Another aspect of this invention relates to inhibiting the 
3 0 production of hyperphosphorylated Tau protein, which is 
useful in* halting or slowing the progression of Alz- 
heimer's disease. 



» 
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Another aspect of this invention relates to a method of 
inhibiting GSK-3 activity in a patient, which method com- 
prises administering to the patient a compound' of formula 
I or a composition comprising said compound. 

5 

Another aspect relates to inhibiting GSK-3 activity in a 
biological sample, which method comprises contacting the 
biological sample with" the PKB activator of formula I, or 
a pharmaceutical composition thereof, in an amount effec- 
10 tive to inhibit GSK-3, 

Another aspect relates to inhibiting GSK-3 activity in a 
biological sample, which method comprises contacting the 
biological sample with the PDKl activator of formula I, or 
15 a pharmaceutical composition thereof, in an amount effec- 
tive to inhibit GSK-3 . 

Each of the aforementioned methods directed to the inhibi- 
tion of GSK-3, or the treatment of a disease alleviated 

20 thereby, is preferably carried out with a preferred com- 
pound of formula I. The terms "GSK-3 -mediated disease" or 
"GSK-3- mediated condition", as used herein, mean any dis- 
ease or other deleterious condition or state in which 
GSK-3 is known to play a role. Such diseases or conditions 

2 5 include, without limitation, diabetes, Alzheimer's dis- 
ease, Huntington's Disease, Parkinson's Disease, AlDSasso- 
ciated dementia, amyotrophic lateral sclerosis (AML) , 
multiple sclerosis (MS), schizophrenia, cardiomycete hy- 
pertrophy, reperfusion/ischemia, and baldness. 

30 

Another aspect of the invention relates to inhibiting 
GSK-3 activity in a biological sample, which method com- 
prises contacting the biological sample with a PKB or PDKl 
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activator of formula I. Another aspect of this invention 
relates to a method of inhibiting GSK-3 activity in a pa- 
tient, which method comprises administering to the patient 
a compound of formula I or a composition comprising said 
5 compound. 

The term "patient" includes human and veterinary subjects. 
The term- "biological sample", as used herein, includes, 
without limitation, cell cultures or extracts thereof; 

10 preparations of an enzyme suitable for in vitro assay; 
biopsied material obtained from a mammal or extracts 
thereof; and blood, saliva, urine, feces, semen, tears, or 
other body fluids or extracts thereof. An amount effective 
to inhibit or activate a protein kinase, for example PDKl, 

15 PKB, or GSK3, is an amount that causes measurable inhibi- 
tion or activation of the kinase activity when compared to 
the activity of the enzyme in the absence of a compound. 
Any method may be used to determine inhibition, such as, 
for example, the Biological Testing Examples described 

20 below. 

Pharmaceutical ly acceptable carriers that may be used in 
these pharmaceutical compositions are generally known in 
the art. They include, but are not limited to, ion ex- 

25 changers, alumina, aluminum stearate, lecithin, serum pro- 
teins, such as human serum albumin, buffer substances such 
as phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 

30 sulfate, disodium hydrogen phosphate, potassium hydrogen 
phosphate, sodium chloride, zinc salts, colloidal silica/ 
magnesium trisilicate, polyvinyl pyrrolidone/ cellulose- 
based substances, polyethylene glycol, sodium 
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carboxymethylcellulose, polyacrylates , waxes , 
polyethylene-polyoxypropylene-block polymers , polyethylene 
glycol and wool fat. • 

5 The compositions of the present invention may be adminis- 
tered orally, parenterally, by inhalation spray, topi- 
cally, rectally, nasally, buccally, vaginally or via an 
implanted reservoir. The term "parenteral" as used herein 
includes subcutaneous, intravenous, intramuscular, intra- 

10 articular, intra-synovial , intrasternal , intrathecal, in- 
trahepatic, intralesional and intracranial injection or 
infusion techniques. Preferably, the compositions are ad- 
ministered orally, intraperitoneally or intravenously. 
Sterile injectable forms of the compositions of this in- 

15 vention may be aqueous or oleaginous suspension. These 
suspensions may be formulated according to techniques 
known in the art using suitable dispersing or wetting 
agents and suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution or 

20 suspension in a non-toxic parenterally acceptable diluent 
or solvent, for example as a solution in 1, 3-butanediol . 
Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are 

25 conventionally, employed as a solvent or suspending medium. 
For this purpose, any bland fixed oil may be employed in- 
cluding synthetic monoor di-glycerides . Fatty acids, such 
as oleic acid and its glyceride derivatives are useful in 
the preparation of injectables, as are natural pharmaceu- 

30 tically acceptable oils, such as olive oil or castor oil, 
especially in their polyoxyethylated versions. These oil 
solutions or suspensions may also contain a long-chain 
alcohol diluent or dispersant, such as carboxymethyl 
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cellulose or similar dispersing agents which are commonly 
used in the formulation of pharmaceutically acceptable 
dosage forms including emulsions and suspensions. Other 
commonly used surfactants, such as Tweens, Spans and other 
5 emulsifying agents or bioavailability enhancers which are 
commonly used in the .manufacture of pharmaceutically ac- 
ceptable solid, liquid, or other dosage forms may also be 
used for the purposes of formulation. The pharmaceutical 
compositions of this invention may be orally administered 

10 in any orally acceptable dosage form including, but not 
limited to, capsules, tablets, aqueous suspensions or so- 
lutions. In the case of tablets for oral use, carriers 
commonly used include lactose and corn starch. Lubricating 
agents, such as magnesium stearate, are also typically 

15 added. For oral administration in a capsule form, useful 
diluents include lactose and dried cornstarch. When aque- 
ous suspensions are required for oral use, the active in- 
gredient is combined with emulsifying and suspending 
agents. If desired, certain sweetening, flavoring or col- 

20 oring agents may also be added. Alternatively, the pharma- 
ceutical compositions of this invention may be 
administered in the form of suppositories for rectal ad- 
ministration. These can be prepared by mixing the agent 
with a suitable nonirritating excipient which is solid at 

25 room temperature but liquid at rectal temperature and 
therefore will melt in the rectum to release the drug. 
Such materials include cocoa butter, beeswax and polyeth- 
ylene glycols. The pharmaceutical compositions of this 
invention may also be administered topically, especially 

3 0 when the target of treatment includes areas or organs 

readily accessible by topical application, including dis- 
eases of the eye, the skin, or the lower intestinal tract. 
Suitable topical formulations are readily prepared for 
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each of these areas or organs. Topical application for the 
lower intestinal tract can be effected in a rectal sup- 
pository formulation (see above) or in a suitable enema 
formulation. Topically- transdermal patches may also be 
5 used. For topical applications, the pharmaceutical compo- 
sitions may be formulated in a suitable ointment contain- 
ing the active component suspended or dissolved in one or 
more carriers. Carriers for topical administration of the 
compounds of this invention include, but are not limited 

10 to, mineral oil, liquid petrolatum, white petrolatum, pro- 
pylene glycol, polyoxyethylene, polyoxypropylene compound, 
emulsifying wax and water. Alternatively, the pharmaceuti- 
cal compositions can be formulated in a suitable lotion or 
cream containing the active components suspended or dis- 

15 solved in one or more pharmaceutically acceptable carri- 
ers. Suitable carriers include, but are not limited to, 
mineral oil, sorbitan mbnostearate, polysorbate 60, cetyl 
esters wax, cetearyl alcohol, 2-octyldodecanol , benzyl 
alcohol and water. For ophthalmic use, the pharmaceutical 

20 compositions may be formulated as micronized suspensions 
in isotonic, pH adjusted sterile saline, or, preferably, 
as solutions in isotonic, pH adjusted sterile saline, ei- 
ther with or without a preservative such as benzylalkonium 
chloride. Alternatively, for ophthalmic uses, the pharma- 

25 ceutical compositions may be formulated in an ointment 
such as petrolatum. The pharmaceutical compositions of 
this invention may also be administered by nasal aerosol 
or inhalation. Such compositions are prepared according to 
techniques well-known in the art of pharmaceutical formu- 

30 lation and may be prepared as solutions in saline, employ- 
ing benzyl alcohol or other suitable preservatives, 
absorption promoters to enhance bioavailability, fluoxo- 
carbons, and/or other conventional solubilizing or 
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dispersing agents. In addition to the compounds of this 
invention, pharmaceutical!// acceptable derivatives or pro- 
drugs of the compounds of this invention may also be em- 
ployed in compositions to treat or prevent the 
5 above- identified diseases or disorders, A "pharmaceuti- 
cally acceptable derivative or prodrug" means any pharma- 
ceutically acceptable salt:, ester, salt of an ester or 
other derivative of a compound of this invention which, 
upon administration to a recipient, is capable of provid- 

10 ing, either directly or indirectly, a compound of this 
invention or an inhibitoriy active metabolite or residue 
thereof. Particularly favored derivatives or prodrugs are 
those that increase the bioavailability of the compounds 
,of this invention when such compounds are administered to 

15 a patient (e. g., by allowing an orally administered com- 
pound to be more readily absorbed into the blood) or which 
enhance delivery of the parent compound to a biological 
compartment (e. g., the brain or lymphatic system) rela- 
tive to the parent species. Pharmaceutical ly acceptable 

20 prodrugs of the compounds of this invention include, with- 
out limitation, the following derivatives of the present 
compounds: esters, amino acid esters, phosphate esters, 
metal salts sulfonate esters, carbamates, and amides. 
Pharmaceutically acceptable salts of the compounds of this 

2 5 invention include those derived from pharmaceutically ac- 
ceptable inorganic and organic acids and bases. Examples 
of suitable acid salts include acetate, adipate, alginate, 
aspartate, benzoate, benzenesulf onate, bisulfate, bu- 
tyrate, citrate, camphorate, camphbrsulf onate, cyclopen- 

30 tanepropionate, digluconate, dodecylsulf ate, 

ethanesulf onate, formate, fumarate, glucoheptanoate, glyc- 
erophosphate, glycolate, hemisulfate, heptanoate, hex- 
anoate, hydrochloride, hydrobromide, hydroiodide, 
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2- hydroxyethanesulf onate, lactate, maleat, malonate, 
methanesul f onate , 2naphthalenesul f onate , nicotinate , ni - 
trate, oxalate, palmoate, pectinate, persulfate, 

3- phenylpropionate, phosphate, picrate, pivalate, propion- 
5 ate, salicylate, succinate, sulfate, tartrate, thiocy- 

anate, tosylate and undecanoate. Other acids, such as 
oxalic, while not in themselves pharmaceutical ly accept- 
able, may be employed in the preparation of salts useful 
as intermediates in obtaining the compounds of the inven- 

10 tion and their pharmaceutically acceptable acid addition 
salts. Salts derived from appropriate bases include alkali 
metal (e.g., sodium and potassium) , alkaline earth metal 
(e.g., magnesium), ammonium and N+ (C14 alkyl) 4 salts. 
This invention also envisions the cjuaternization of any 

15 basic nitrogen-containing groups of the compounds dis- 
closed herein. Water or oil-soluble or dispersible prod- 
ucts may be obtained by such quaternization. The amount of 
the protein kinase inhibitor/activator that may be com- 
bined with the carrier materials to produce a single dos- 

20 age form will vary depending upon the patient treated and 
the particular mode of administration. Preferably, the 
compositions should be formulated so that a dosage of be- 
tween 0.01-100, preferably 0.1-20, mg/kg body weight/day 
of the inhibitor or activator can be administered to a 

25 patient receiving these compositions. It should also be 
understood that a specific dosage and treatment regimen 
for any particular patient will depend upon a variety of 
factors, including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet, 

30 time of administration, rate of excretion, drug combina- 
tion, and the judgment of the treating physician " and the 
severity of the particular disease being treated. The 
amount of the inhibitor will also depend upon the 
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particular compound in the composition. Depending upon the 
particular protein kinase mediated condition to be treated 
or prevented, additional therapeutic agents, which are 
normally administered to treat or prevent that condition, 
5 may be administered together with the inhibitors or acti- 
vators of this invention. For example, in the treatment of 
cancer other chemo therapeutic agents or other anti- 
proliferative agents may be combined with the present com- 
pounds to treat cancer. These agents include, without 

10 limitation, adriamycin, dexamethasone, vincristine, cyclo- 
phosphamide, f luorouracil, topotecan, taxol, interferons, 
and platinum derivatives. Other examples of agents the 
inhibitors of this invention may also be combined with 
including, without limitation, agents for treating diabe- 

15 tes such as insulin or insulin analogues, in injectable or 
inhalation form, glitazones, alpha glucosidase inhibitors, 
biguanides, insulin sensitizers, and sulfonyl ureas; anti- 
inflammatory agents such as corticosteroids, TNF blockers, 
IL-1 RA, azathioprine, cyclophosphamide, and sul- 

20 fasalazine; immunomodulatory and immunosuppressive agents 
such as cyclosporin, tacrolimus, rapamycin, mycophenolate 
mof etil , interferons , corticosteroids , cyclophophamide, 
azathioprine, and sulfasalazine; neurotrophic factors such 
as acetylcholinesterase inhibitors, MAO inhibitors, inter- 

25 ferons, anti convulsants, ion channel blockers, riluzole, 
and anti Parkinsonian agents; agents for treating cardio- 
vascular disease such as beta-blockers, ACE inhibitors, 
diuretics, nitrates, calcium channel blockers, and 
statins; agents for treating liver disease such as corti- 

3 0 costeroids, cholestyramine, interferons, and anti-viral 
agents; agents for treating blood disorders such as corti- 
costeroids, anti-leukemic agents, and growth factors; and 
agents for treating immunodeficiency disorders such as 
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gamma globulin. Those additional agents may be adminis- 
tered separately from the protein kinase 

inhibitor/activator-containing composition, as part of a 
multiple dosage regimen. Alternatively, those agents may 
5 be part of a single dosage form, mixed together with the 
protein kinase inhibitor or activator of this invention in 
a single composition. Compounds of this invention may ex- 
ist in alternative tautomeric forms. Unless otherwise in- 
dicated, the representation of either tautomer is meant to 
10 include the other. 

Following the invention is further explained by means of 
non-limiting examples. 

15 

Example 1: biological testing 

In general, the activity of the compounds as protein 
kinase inhibitors or activators may be assayed in vitro, 

20 in vivo or in a cell line. In vitro assays include assays 
that determine inhibition or activation of either the 
phosphorylation activity or ATPase activity of the acti- 
vated protein kinase. Alternate in vitro assays quantitate 
the ability of the inhibitor to bind to the protein 

25 kinase. Compound binding may be measured by radiolabelling 
the compound prior to binding, isolating the inhibitor or 
activator /protein kinase complex and determining the 
amount of radiolabel bound. Alternatively, inhibitor or 
activator binding may be determined by running a competi- * 

30 tion experiment where new compounds are incubated with the 
protein kinase bound to known radioligands. 
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Modulation of PDK1 activity may be tested as following. A 
compound of interest is tested for it's ability to acti- 
vate or inhibit GST-PDKl full length or truncated mutants 
of PDK1. The activity and modulation of activity is meas- 
5 ured using a standard ATPgamma [32P] assay as described 
earlier. The assay is performed in 20 ]xl containing 50 mM 
TRIS (pH 7.5), 10 mM MgCl 2/ 100 yM ATP, mM DTT . The concen- 
tration of T3 08 tide is 1 mM and the amount of PDKl used is 
2 00 ng. Reactions are carried out at room temperature. 
10 Reaction is started by addition of ATP-Mg mix and stopped 
with phosphoric acid after 3 0 min. . Stopped reactions were 
spotted on to phosphocellulose paper (P81, Whatman) and 
washed. After drying, the radioactivity associated to the 
band was quantified. 

15 

Example 2: compounds of the invention and their synthesis 

A number of compounds according to the invention are shown 
20 in Table 1. Following several specific examples for the 
synthesis of compounds according to the invention are pro- 
vided. Examples for the educts that have been used are 
given in Tables 2 to 7 . These educts are available from a 
number of commercial sources including the companies Chem- 
25 bridge Ltd. (USA; , Maybridge Ltd. (UK) , Chemos GmbH (Ger- 
many) , Sigma-Aldrich (USA) , and TOKYO KASE1 Organic 
Chemicals (Japan) . 

Synthesis example 2.1 (for compound ID6 and in the same 
30 manner for compounds ID7, ID8 and ID9 in Table 1): 

One educt selected from Table 2 (6 mmol) was suspended in 
10 ml solution of an acetone/water mixture (50/50, v/v) 
and the pH adjusted to 7.0 by addition of HCl. The 
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solution was stirred in an ice bath. 7.5 mmol of an educt 
selected from No. 1 to 5 in Table 3 (7.5 mmol) was mixed 
with 3 ml acetone, and the mixture was added drop wise to 
the first mixture over 1 h, while the pH of the reaction 
5 solution pH was continuously checked and readjusted. After 
addition, stirring in the ice bath was continued for at 
least another hour. The solution was then returned to room 
temperature and made acidic by the addition of dilute HC1 
to precipitate crystals. The crystals were filtered, 
10 washed with water and recrystallized from ethyl acetate to 
obtain the aniline- 5 -oxo-3-aryl pentanoic acid deriva- 
tives. The average yield was 80%. 

Synthesis example 2.2 (applied in same manner for com- 

15 pounds ID I and ID2 in Table 1) : 

One educt selected from Table 2 (5 mmol) was suspended in 
10 ml solution of acetone/water (50/50, v/v) and the pH 
adjusted to 7.0 by addition of HC1 . The solution was 
stirred in an ice bath. A mixture of an educt selected 

20 from No. 6 to 11 in Table 3 (6 mmol) with 2.5 ml acetone 
was added drop wise over 1 hour to the first mixture, 
while the pH of the reaction solution pH was continuously 
checked and readjusted. After addition, stirring in the 
ice bath was continued for at least another hour. The sol- 

25 vent was removed by rotary evaporation. The two isomeric 
forms obtained, derivatives of 4-anilino-4-oxo-3- (phenyl - 
methyl) butanoic acid and 4-anilino-4-oxo-2- (phenylmethyl) 
butanoic acid, were dissolved in^cetonitrile/^O (50:50, 
v/v) and separated by reversed phase hplc in several runs 
• 30 on a preparative Synergi Polar-RP column (Phenomenex) , 

using as a mobile phase acetonitrile/H 2 0 (50:50, v/v) at 
1,0 ml/min.. For each of the isomers, about 71 % of the 
theoretical yield was obtained on average. 
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Synthesis example 2,3 (for compound ID3 and in the same 
manner for compound ID4) : 

4 mmol of one educt selected from Table 4 was dissolved in 
5 3 ml of 95% ethanol . To this solution, 4 ml of 3 M sodium 
hydroxide in water was added. While stirring, 4 mmol of 
one educt selected from Table 5 was added, either as a 
solid or liquid. The reaction vessels were kept constant 
at 22 degrees celcius using a thermostatic system, and 

10 stirring was continued for 1,5 h. Then the needles of the 
product were filtered and washed with 70% ice-cold (0°C) 
ethanol in water followed by water to remove the sodium 
hydroxide. If the product appeared as an oil, the oil was 
washed with water until the pH of the wash solution was 

15 neutral. The product was dried overnight in an exsikkator. 
The product of this first step (1 mmol) was dissolved in 3 
ml methanol. While stirring, 1,5 mmol of pure fresh thio- 
glycolic acid or mercaptopropionic acid as an educt was 
added dropwise to the mixture at 20°C. The reaction mix- • 

20 ture was refluxed for 48 h, then the solvent was removed 
by rotary evaporation. The product, appearing as crystals 
or as an oil, was purified over silica gel columns using 
n-hexane/ethylacetate (10:1, v/v) as mobile phase (average 
yield 65-70%) . 

r ') 

Synthesis example 2.4 (for compound ID5): 

An educt selected from Table 6 (12 mmol) was dissolved in 
10% aqueous sodium hydroxide solution (10 ml) , and acetone 
(10 ml) was added. An acetone solution (5 ml) of an educt - 
30 selected from Table 7 (15 mmol), and a 10% aqueous sodium 
hydroxide solution were added dropwise to this mixture 
while stirring and cooling with ice over 20 minutes; the 
reaction solution was maintained at pH 10. Then the 
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reaction solution was returned to room temperature, 
stirred for another 3 hours, and made acidic with dilute 
HCl to precipitate crystals. The crystals were filtered, 
washed," with water and recrystallized from ethyl acetate 
5 to to obtain the aryl amino acid derivative (average yield 
81%) . 

Synthesis example 2.5: 

A mixture of an educt selected from Table 2 (1.13 mmol) , 

10 water (0.9 ml), ethylacetate (2.1 ml) and sodium hydroxide 
(117 mg, 2.84 mmol) was stirred between 5-15 degrees cel- 
cius for 30 minutes. To this mixture, 2 , 2 , 2-trichloroethyl 
chloroformiate (342 mg, 1.58 mmol) was added over 1 hour 
between 5-15 degrees Celsius, The mixture was stirred at 

15 room temperature for 2 hours, then the aqueous layer was 
separated from the ethylacetate layer. The ethylacetate 
layer was washed with brine (2 x 0.9 ml) and dried over 
magnesium sulphate (60 mg) . The ethylacetate layer was 
collected by filtration. To this solution, heptane was 

20 added. After removing part of the solvent by distillation, 
the product of step I was crytallized from the solution, 
recovered by filtration and dried in an oven to constant 
weight. Product I was mixed with an educt selected from 
Table 6 (1.1 mmol), diisopropylethylamine (1.1 mmol), and 

25 PMSO (3.3 ml), and the mixture was heated to 55 degrees 
celsius and held for 1.5 hours'. To this solution, ethyl- 
acetate (4-5 mi) was added. The organic layer was washed 
with brine (4 x 2.2 ml), and dried over magnesium sul- 
phate. The solvent was removed by rotary evaporation, and 

30 the product was crystallized from acetonitrile (2.5 ml) at 
0 degrees celcius . After collecting by filtration, the 
final product (N, N' -disubstituted urea derivative) was 
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recrystallized from isopropanol and dried in vacuum to 
constant weight. 

5 Example 3: Manufacturing of a pharmaceutical composition 
and treatment of an adult. 

Example 3.1: cancer treatment. 

The compound 1D1 of Table 1 is used for making a pharma- 
10 ceutical composition for the treatment of cancer. 50 mg of 
this compound are mixed with the following components to 
obtain a tablet having a total weight of 13 0 mg. 

20 mg of corn starch as a binder 
15 20 mg of talcum as a filler 

10 mg of Polyethylenglycol (PEG) 4000-6000 
15 mg of magnesium stearate as a lubricant 
15 mg of sodium carboxymethyl starch as a disintegrant . 

20 The active ingredient is mixed with the filler and the 
binder to obtain an essentially homogeneous mixture. This 
mixture is granulated under addition of a small amount of 
water. The obtained granulate is mixed with the remaining 

components. The obtained mixture is then tabletted and the 
25 obtained tablet core is optionally provided with a coating 
to improve taste and/or to retard release of the active 
ingredient . 

One to 12 tablets obtained may be adminstere.d per day to 
30 an adult suffering from cancer. In general, compound IDl 
may be administered with a dosage of 10 to 600 mg per day. 



Example 3.2: type II diabetes treatment . 
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A tablett according to Example 3.1 is made, wherein the 
active ingredient is compound ID 4 instead of ID 1. Fur- 
ther, the amount of ID 4 is 10 mg only. One to 15 tablets 
5 obtained may be adminstered per day to an adult suffering 
from type II diabetes . In general, compound ID 4 may be 
administered with a dosage of 1 to 150 mg per day. 



10 



15 
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TABLE 8 



PKBbeta P31751 

PKB gamma AAD24196 

5 SGK1 AAD41091 

SGK2 AAF 12757 

SGK3 AAF 12758 

PKCalpha 4506067 

10 PKCbetal NP_002729 

PKCgamma gi462455 

PKC delta 5453970 

PCK zeta NP_002735 

15 PKC iota NP_002731 

PRK1 AAC50209 

PRK2 AAC50208 
p70-S6K alpha (S6K1) AAA36410 

20 p70-S6K beta (S6K2) 4506739 

p90-RSKl Q15418 

p90-RSK2 P51812 

p90-RSK3 CAA59427 

25 MSK1 AAC31171 

MSK2 AAC67395 

PKA gamma P22612 

PDK1 AAC51825 
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